At weaning, 162 sows were assigned randomly to six treatments (27 in each treatment) according to a 2 x 3 factorial arrangement: two levels of supplementary folic acid (0 and 5 mg/kg of diet) and three treatments to stimulate ovulation (none, flushing and pregnant mare serum gonadotropin [PMSG] injection). All sows were mated twice within 7 d after weaning. Of the 162 animals originally selected, 123 sows were pregnant and used in this trial. The flushing treatment consisted of allowing sows ad libitum access to feed from the day after weaning through the 1st day of behavioral estrus, whereas control animals received 2.4 kg of feed daily. The hormonal treatment consisted of one i.m. injection of 1,250 IU of PMSG the day after weaning. The commercial-type diet used as the control was computed to contain .6 mg folates per kilogram. Folic acid supplementation elevated (P < .001) serum folates between weaning and 30 d of gestation. Fetuses of sows fed the diet supplemented with folic acid had a higher (P < .05) total protein concentration than fetuses of control sows, whereas RNA and DNA concentrations and protein:DNA ratio were not affected. The PMSG treatment elevated (P < .05) ovulation rate, whereas the flushing or folic acid treatments had no effect on this trait. The addition of 5 mg/kg folic acid to the commercial-type diet improved (P < .05) the survival rate of fetuses during early gestation and tended (P = .096) to increase the number of fetuses presumably living at 30 d of gestation when this treatment was associated with high ovulation rate. In PMSGtreated sows, the beneficial effect of folic acid supplementation on survival rate of fetuses, number of dead fetuses and litter size was pronounced, indicating that the efficacy of folic acid to reduce embryonic mortality is especially marked when ovulation rate is high.
Introduction
Folates are essential as coenzymes for the synthesis of both purines and pyrimidines; thus, they are involved in nucleic acid synthesis (Huennekens, 1968) . The requirements for folates likely are highest in organs in which cell turnover or cell division is rapid. Supplemental folic acid was shown to increase RNA, DNA and protein content of rat fetuses (Morgan and Winick, 1978) and to prevent embryonic death in guinea-pigs (Habibzadeh et al., 1986) . Furthermore, RNA concentration is correlated with survival in 1-to 12-d-old pig embryos (Martinenko, 1977) ; it appears, therefore, that maternal folic acid nutrition must be 724 adequate to prevent embryonic mortality in polytocous species.
In sows, concentrations of serum folates drop between mating and 60 d of gestation (Matte et al., 1984a) . Repeated i.m. injections Of folic acid during this period increase serum folates. This treatment combined with ad libitum feeding between weaning and mating (flushing) increases live litter size (Matte et al., 1984b) . It is possible to mimic this effect of i.m. injections of folic acid on serum folates by adding a supplement of this vitamin to a diet (Tremblay et al., 1986) .
The present research was undertaken to determine whether an addition of folic acid to a gestating swine diet would increase the survival rate of fetuses during the first 30 d of gestation, under conditions where ovulation rate was stimulated by a flushing or hormonal treatment. The effects of maternal folic acid intakes during early gestation on fetal growth, weight of fetuses and concentrations of RNA, DNA and proteins in fetal tissues also were investigated.
Materials and Methods
Animals. All sows were Yorkshire x Landrace of second parity or more. They were housed in individual cages fitted on a slatted floor in the gestation section of a commercial unit where a 16-h light:8-h dark cycle was maintained. Fresh water was provided on an ad libitum basis. Sows were mated twice according to the schedule described previously (Matte et al., 1984b) . Boars were allocated randomly over treatment groups to minimize boar effects.
Treatments. After an average of 32.6 d of lactation (CV = 14.5%), 162 sows were assigned randomly to six treatments (27 animals per treatment) according to a 2 x 3 factorial arrangement: two levels of supplementary folic acid (0 and 5 mg/kg of diet) and three treatments to stimulate ovulation (none, flushing and pregnant mare serum gonadotropin [PMSG] injection). A commercial-type diet (Table 1) , computed to meet the folic acid requirements of gestating swine (NRC, 1979) , was used as the control; 5 mg/kg folic acid was added to this diet as the dietary treatment. The vitamin was added as pteroylglutamic acid and mixed into the diet following the method described previously (Tremblay et al., 1986) . The 5 mg/kg level of folic acid supplementation was chosen on the basis of previous research (Tremblay et al., 1986) ; it was expected to produce concentrations of serum folates similar to those observed in sows el'he folate activity was measured using a microbiological assay (turbidimetric method) with Lactobacillus casei.
injected intramuscularly with folic acid (Matte et al., 1984b) . Folic acid was added to each 2,000-kg batch of freshly prepared diet as described previously (Tremblay et al., 1986) .
The flushing treatment consisted of allowing sows to consume feed ad libitum from the day after weaning through the first day of behavioral estrus. Thereafter, they were fed at the same level as control animals (i.e., 2.4 kg of feed dally). The hormonal treatment consisted of a single i.m. injection of 1,250 IU of PMSG 7 in 2.5 ml sterile water. Control and flushed sows received a placebo consisting of 2.5 ml physiological saline. Both PMSG and physiological saline were injected between 0900 and 1000 the day after weaning. The PMSG-injected sows received 2.4 kg of feed daily throughout the trial.
Blood Sampling. Blood samples were taken by jugular venipuncture between 0900 and 1100 from each sow at weaning, mating, and 30 + 1 d of gestation. Blood was allowed to clot at room temperature for approximately 2 h. Then, serum was separated by centrifugation at 1,200 x g for 30 min, transferred into polypropylene tubes coated with ascorbic acid, and stored at -20 ~ Serum folates were measured following a radioassay procedure described previously (Tremblay et al., 1986) .
Anatomical Examination. All sows were slaughtered between d 31 and 36 postmating (mean = 34.6, CV = 3.2%), and the reproductive tracts were recovered. Of the 162 animals originally selected, 123 sows, averaging 199.2 kg body weight (CV = 16.7%) at the beginning of the experiment, were pregnant and remained on the trial, resulting in an unbalanced distribution among groups. The number of sows per treatment group ranged from 19 to 22. Gross anatomical examination of each tract was completed within about 3 h after slaughter. The weight of each uterus was recorded before removing any fetal tissue. The ovaries also were weighed, and the macroscopic follicles were counted. The corpora lutea were counted and weighed after careful ovarian dissection to ensure that none were missed.
7"STIMUKRON," pregnant mares' serum gonadotropin. Registered by SYNKRON Corp., P.V.U. Inc., Victoriaviile, Canada, G6P 1B1. Mention of a trademark or proprietary product does not imply approval to the exclusion of other products that also may be suitable.
Ovulation rate was assumed to be equal to the number of corpora lutea recorded. The weight of ovarian tissue without corpora lutea and follicular fluid, also called stroma, was recorded, and the weight of follicular fluid was calculated by difference. The number of fetuses, including those presumably dead before slaughter as indicated by the degree of degeneration of fetal tissues, was noted.
Chemical Analyses of Fetuses. From the 123 sows slaughtered, 1,567 fetuses were dissected out, weighed and stored at -20~ For the purpose of chemical analyses, 673 fetuses from a representative sample of 103 sows, selected at random within each treatment (16 to 18 sows/treatment), were obtained and analyzed in duplicate for protein, RNA and DNA. These fetuses were selected from the ovarian end, cervical end and mid-uterine horn, which resulted in uniform distribution among uterine horns. They represented about 50% of each litter. Protein, RNA and DNA were analyzed according to methods adapted from Mainz et al. (1973) by Morisset (1980 Morisset ( , 1984 .
Fetuses were homogenized in 10 ml of .6 N perchloric acid (PCA). Four 3-ml aliquots of homogenate were taken and stored overnight at 4"C. Extraction and washing were accomplished at 4*C by repeated centrifugation following decantation, resuspension and vigorous stirring. The tissue pellets were washed twice with .6 N PCA.
Of the four aliquots so treated, two tissue pellets were used to determine DNA concentration. DNA was extracted in 3 ml of .5 N PCA by heating at 90"C for 15 min; concentration in the supernatant fluid was determined by the diphenylamine method (Volkin and Cohn, 1954) using calf thymus DNA as the standard. Protein in the resulting tissue pellets was solubilized in 4 ml of .3 N KOH maintained at 90~ for 20 min and determined by the method of Lowry et al. (1951) , using bovine serum albumin as the standard.
The remaining two tissue pellets were used for RNA determination. RNA was hydrolyzed in 4 ml of .3 N KOH by overnight incubation at 37"C. To the resulting solution, 80 lal of 70% PCA and 3 ml of 1.0 N ice-cold PCA were added. Following centrifugation, the supernatant fluid was collected, and the pellet was resuspended in 2 ml of .5 N PCA. A second centrifugation was performed, the supematant fluid was added to the first collection, and the resulting solution was CDead fetuses = unadjusted ovulation rate -presumably living fetuses. d(Presurnably living fetuses/unadjusted ovulation rate) times 100. c'fValues within the same main effect, in the same column, with different superscript letters differ (P < .05).
diluted to 10 ml. This extract was diluted 1:19 in .1 N PCA, and RNA was determined by absorbance at 260 nm. Absorbance of 1.0 was assumed to equal 32 l, tg RNAJml of extract (Munro and Fleck, 1966) . Protein, RNA and DNA were expressed as mg/g of wet fetus.
Statistical Analysis. Data were subjected to an analysis of variance using the GLM procedure of SAS (1985) . Comparisons between means were made by contrast statement. When indicated, the number of parities (two to five and more) and the weight of sows at mating, the weight of sows at 30 d of gestation, or the gestation duration were used as covariates. For statistical analysis of data pertaining to live fetuses, the number of parities (two, three, four and more) was included in the model statement. A fetus was defined as a runt if its weight was less than two-thirds of the average for the given uterine horn. Such a fetus was regarded as growing abnormally and not part of the population of interest (Perry and Rowell, 1969) . This procedure resulted in the omission of 33 fetuses out of 1,567 (2.1%) distributed among all groups. Analysis of variance of the fetus composition data was carried out on the mean content of fetuses for each sow.
Results and Discussion
Serum Folates. The addition of 5 mg folic acid per kilogram of diet was adequate to elevate serum folates between weaning and d 30 after mating. This response of serum folates to folic acid supplementation is discussed in detail in a subsequent paper (Tremblay et al., 1989) .
Ovulation Rate. A tendency for ovulation rate to be lower in sows treated with folic acid was observed (Table 2 ), but this tendency possibly was due to a bias associated with the randomized distribution of sows among groups. There were, by chance, 15 sows of second parity supplemented with folic acid, compared with six sows in the group fed the control diet. Average parity was 5.7 for supplemented sows, whereas it was 6.2 for the control group. Furthermore, at mating, the live body weight of sows fed the control diet was 197.4 + 5.2 kg (mean • SE) compared with 182.4 • 4.4 kg for sows fed the supplemented diet. In view of this, the effect of folic acid supplementation on ovulation rate was adjusted, by covariance analysis, according to parity and weight of sows at mating. The adjusted ovulation rate remained 6.9% lower in sows supplemented with folic acid compared with control sows; this difference, however, was not significant (P > .10). Consequently, supplementing the diet with a small amount of folic acid did not affect ovulation rate adversely.
Ad libitum feeding or high energy intake shortly before estrus (flushing) generally increases ovulation rate (den Hartog and van Kempen, 1980) . In gilts fed high energy, a greater amount of FSH may be released for a few days preceding ovulation (Kirkpatrick et al., I967) . Under the conditions of the present experiment, the mean ovulation rate in control sows was 19.4; flushing (i.e., feeding ad libitum between weaning and mating) did not increase the ovulation rate ( Table 2 ). The high level of feeding for the control sows in the present experiment, 2.4 kg of feed daily, may explain partly this failure of the flushing treatment to significantly stimulate ovulation rate. Feed intake was not quantified for sows on the flushing treatment; it is, therefore, not known whether these sows truly differed substantially from control sows in feeding intake premating.
Flushing sows between weaning and mating gave variable results with regard to ovulation rate. In gilts, flushing has been considered as an efficient means of increasing ovulation rate and litter size (den Hartog and van Kempen, 1980) . In multiparous sows, however, this practice does not increase ovulation rate (Hardy and Lodge, 1969; Brooks and Cole, 1971; ARC, 1981) or litter size Cole, 1971, 1972; Matte et al., 1984b) . When flushing increases ovulation rate, its effect on litter size is variable, because an increase in embryonic mortality often is associated with this practice.
The PMSG treatment elevated (P = .0001) ovulation rate ( Table 2 ). The number of corpora lutea, adjusted by covariance analysis for the number of parities and weight of sows at mating, was 37 and 41% higher in sows injected with PMSG than in flushed and control sows, respectively.
We had hypothesized that folic acid supplementation would increase survival rate of fetuses under conditions of stimulated ovulation rate. The flushing treatment used, however, had no effect (P > .10) on either the ovulation rate or the number of live or dead fetuses. Furthermore, there was no interaction between control vs flushing and the folic acid treatments for these three traits (P = .18, P = .21 and P = .79, respectively). Consequently, we compared the effect of supplementary folic acid in control and flushed sows with that in PMSG-treated sows.
Number of Fetuses. The number of presumably living fetuses at 30 d of gestation for the PMSG-treated sows and for the flushed and control sows (Table 2) were not different (P > .10). Although the number of potential fetuses was increased in PMSG-treated sows, an equivalent increase in live fetuses was not observed. The number of dead fetuses was higher, and the survival rate of fetuses was lower in these sows (Table 2) . It generally is recognized that superovulation can be induced in pigs by the injection of appropriate gonadotropins. However, litter size at farrowing has not been increased consistently by PMSG; positive results were reported only in sows that had litter sizes lower than average previously (Webel and Day, 1982) . The number of presumably living fetuses at 30 d of gestation in sows treated with folic acid was not different (P > .10) from controls (Table 2 ). However, the interaction (folic acid x [control + flushing] vs PMSG) approached statistical significance (P = .096) for this parameter. The number of fetuses was similar in control and flushed sows whether or not they received the folic acid treatment (12.1 vs 12.4), but in sows treated with PMSG and fed supplemental folic acid, the number of fetuses was increased to the highest value (i.e., 13.7). This was an increase of 1.5 over PMSG-treated sows receiving the control diet.
The statistical model used to test the effect of treatments on the number of live fetuses included the effect of parity on this parameter. Considering all animals and all treatments, the number of live fetuses were 11.7 -t-.7, 12.0 + .7 and 12.7 + .3 for sows of second, third, and fourth or later parity, respectively; the effect of parity on number of live fetuses was not significant (P = .32).
Partially resorbed fetuses were distributed among all groups: 10 in control, 5 in flushed and 18 in PMSG-treated groups. There were 18 resorbed fetuses in sows fed the control diet, compared with 15 in sows fed supplemental folic acid. Including or omitting these fetuses did not change the conclusions conceming the main effects of treatments.
Survival Rate of Fetuses. A plane of nutrition that supports daily live weight gains of .8 kg during the 1st mo of gestation (Toplis et al., 1983) or within the range of .1 to 1 kg (Heap et al., 1967) has no detrimental effect on embryonic survival in mature sows. In the present experiment, the average daily live weight gain was about .35 and .46 kg for sows fed the control and supplemented diet, respectively. Furthermore, the survival rate of fetuses, most likely, was not affected by the time of slaughter, which was 34.47 + .26, 34.45 + .24, 34.5 5: .25, 34.33 + .24, 35.05 + .25 and 34.9 _+ .24 d for the six experimental groups listed as in Table 2 , respectively.
The method used in the present work to measure embryonic mortality is recognized to be valid and precise (Pope and First, 1985) . Ovulation rate determined as the number of corpora lutea dissected free of ovarian tissue is more precise than when determined by laparoscopy without dissecting the ovaries (Hardy and Lodge, 1969 ). An overestimation of embryonic mortality, however, remains possible, because fertilization failure may be confounded with embryonic mortality. The resulting error, however, probably would be negligible, because fertilization rate is high in pigs, irrespective of ovulation rate (Perry and Rowlands, 1962; Bolet, 1986) ; fertilization rate is greater than or equal to 95% (Anderson, 1978) . In the major breeds of pigs, ovulation rate varies from 12 to 20 (corpora lutea), and prenatal mortality ranges from 15 to 40% (Bolet, 1986) . In the present experiment, ovulation and embryonic mortality rates for control sows were 19.2 and 39.2%, respectively (Table 2) . It would appear, therefore, that our sows were near the high extreme for both ovulation rate and embryonic mortality.
Survival rate of fetuses was higher in sows fed 5 mg/kg supplemental folic acid than in sows fed the control diet (Table 2 ). This effect, however, might be linked partly with the tendency for ovulation rate to be lower in the supplemented than the control sows. Fetal survival increases with a decrease in ovulation rate in primiparous sows (Swierstra and Dyck, 1976; King and Williams, 1984) and in gilts (Legault and Gruand, 1981; Blichfeldt and Almlid, 1982) . Nevertheless, in the control sows of the present experiment, adjusted or nonadjusted ovulation rates were similar whether or not the animals received the folic acid-supplemented diet, and yet the survival rate of fetuses was higher in folic-acid supplemented sows.
Number of Dead Fetuses. The addition of 5 mg of folic acid per kilogram of diet during early gestation decreased the number of dead fetuses (ovulation rate minus the number of presumably living fetuses) by an average of 3.2/litter (P --.0004) at 30 d of gestation (Table 2 ). This effect was more pronounced in PMSG-treated sows than in control and flushed sows. An interaction was detected (P = .02) of folic acid x (control + flushing) vs PMSG-treated group for this parameter (Table  2 ). When folic acid was added to the diet, the number of dead fetuses, by comparison to the unsupplemented diet, decreased by 5.9/litter in PMSG-treated sows, compared with only 1.4 and 2.0 in control and flushed sows, respectively. Once again, the folic acid treatment was more efficient when ovulation rate was higher.
Supplementary folic acid administered by i. m. injection had a beneficial effect on birth litter size in sows fed a commercial-type diet computed to contain .6 mg/kg total folates (Matte et al., 1984b) . This effect may be explained by the results of the present experiment showing that the survival rate of fetuses during the first 30 d of gestation increased in sows fed a similar diet supplemented with 5 mg folic acid per kilogram. In pigs, prenatal mortality occurs mainly during the 1st mo of pregnancy, mostly before implantation, but a second, less important, stage is observed at about d 50 of gestation due to overcrowding in the uterine horns (Bolet, 1986) . The beneficial effect of supplementary folic acid on litter size at parturition can be explained at least partly by a reduction of prenatal mortality during early gestaton; the effect of supplementary folic acid on survival of fetuses later in gestation remains to be investigated.
Reproductive Parameters. In the present experiment, the period between weaning and mating was restricted to 7 d in order to minimize variation in the parameters under investigation. Within this period, the PMSG treatment induced an early return to estrus b'CValues within the same main effect, in the same row, with different superscript letters differ (P < .05).
( Table 3 ). The mean period between weaning and mating was .6 d shorter (P = .003) for the PMSG-treated than for the control sows. There was no difference between the flushed and control sows.
The folic acid treatment had no effect (P > .10) on the reproductive parameters studied (Table 3) . The PMSG treatment, however, increased total corpora luteal weight (P = .0001), whereas total ovarian, stromal and follicular liquid weights and the number of follicles on ovaries remained unchanged (P > .10). Flushing had no effect on these traits, but increased (P = .04) the weight of the reproductive tract, adjusted by covariance analysis for the weight of sows at 30 d of gestation, and for the actual days of gestation at time of slaughter, compared with PMSG and control treatments (Table 3) . Despite this effect, flushing did not affect the number of live fetuses or survival rate of fetuses under the conditions of this experiment.
Composition of Fetuses.
The mean wet weight of fetuses adjusted for gestation duration was similar in sows supplemented with folic acid and in control sows. The mean RNA and DNA concentrations of fetuses, and the protein/DNA ratio in fetuses, a measure of cell unit size, also were similar in folic acid-treated and control sows (Table 4) . However, protein concentration, one indicator of growth, was 5% higher (P < .05) in fetuses of sows supplemented with folic acid than in fetuses of control sows. It appears, therefore, that supplementary folic acid increased protein content of the embryo under the conditions of this experiment. Wright et al. (1981) observed that the protein content of porcine embryos increased only slightly from fertilization through d 5 of development but increased dramatically between d 6 and 9 of development, which is the b'CValues within the same main effect, in the same row, with different superscript letters differ (P < .05).
d'eValues within the same main effect, in the same row, with different superscript letters differ (P = .06).
time of blastocyst formation and hatching of the embryo from the zona pellucida. From d 9 to 16, the protein content increased exponentially, and exponential growth of all conceptuses occurred within this time (Anderson, 1978) . Folic acid could play an important role during this period in which protein content increases rapidly. The mean RNA and DNA contents per gram of wet fetuses were lower (P < .05) in sows treated with PMSG compared with control or flushed sows. The lower survival rate of fetuses noted in PMSG-treated sows is consistent with this lower RNA and DNA concentration, because RNA concentration has been correlated with embryo survival in pigs (Martinenko, 1977) .
In conclusion, the addition of 5 mg/kg folic acid to a commercial-type diet increased the survival rate of fetuses during early gestation and tended to augment the number of presumably living fetuses at 30 d of gestation, when the supplementation was associated with a high ovulation rate. Protein concentration of fetuses in folic acid-supplemented sows was higher (P < .05) than in controls. Flushing sows between weaning and mating had no effect (P > .10) on ovulation rate when controls were fed 2.4 kg of feed daily. A single i.m. injection of 1,250 IU of PMSG the day after weaning increased ovulation rate by 41%. Under these conditions, the beneficial effect of folic acid supplementation on survival rate of fetuses, number of dead fetuses and litter size was pronounced, indicating that the efficacy of folic acid is especially marked when ovulation rate is high.
